. Strategy of extraction adapted from Huisman et al. [1] and Nadji et al. [2] by IsoLife, the supplier of extracted materials. Mass spectrometry spectra are used to track and assess the inter-exchange of carbon atoms between organic compounds evolved from fast pyrolysis of biomass. To conduct both fast pyrolysis of biomass and volatiles analysis, the Pyroprobe was used ( Figure S2 ). The biomass is heated in a controlled manner (1), volatiles released entered in the trapping zone (2) where they are adsorbed on a Tenax® pre-column, desorbed and injected in the GC system (3) to be separated before characterization. Volatiles are electronically ionized. Ions are subsequently filtered and selected according to their mass-to-charge ratio (4). Their respective abundance that results from a manipulation of ions into electrical signals is displayed as a series of ion peaks and made up a mass spectrum (5). All ion peaks in each spectrum are summed resulting in a total ion current and subsequently in a complete mass spectrum. When this total ion current is plotted against the time, a chromatogram (e.g. total ion current) is displayed. Figure S2 . Schema of the pyroproprobe showing the different sections: (1) quartz tube reactor inserted in the oven; (2) trap; (3) gas chromatogram; (4) mass spectrometer (MS) and (5) resulting single MS spectrum.
Mass-to-charge ratio (m/z) and absolute intensity of ionic fragments corresponding to the fragmentation of Furfural were plotted. The intensities were normalized and any m/z intensity ratio negligible (less than 0.02) were set to zero. The distribution of ion peaks depend on the chemical formula and isotopic composition of the chemicals. The isotopic natural abundance percentage for Carbon-12 being of 98.90% and 1.10% for Carbon-13, furfural produced from the pyrolysis of unlabelled biopolymers will display ions fragments ranging from 29 to 97 with m/z = 96 and 97 the two more intense peaks ( Figure S3a ). On the other hand, the conversion of Carbon-13 material enriched at a high level of 98% leads to a different fragmentation pattern, displaying in general heavier fragments such as 100 and 101 ( Figure S3b In order to reconstruct the corresponding fragmentation patterns for Furfural obtained from those mixtures based on the hypothesis that no chemical interactions occurred between hot volatiles, the 'predicted' and absolute m/z intensities were calculated multiplying the experimental intensity at m/z ratio of 96 for unlabelled polymers and 101 for those enriched by the ratio of relative intensities 96/95 or 101/100. The same method was used to determine intensities corresponding to the nominal mass of M-1 by considering the ratio of relative intensities between the nominal mass M and M-1. Both values are summarized in Table S4 and normalized intensities shown in Table S5 . Table S5 . Mass-to-charge ratio (m / z) and corresponding normalized intensity for furfural produced from the fast pyrolysis of mixtures. After collecting 13 C-NMR spectra and integrating the regions, the quantification of functional groups in bio-oil was possible. In addition to provide an unbiased amount of structural details, the size of peaks can be correlated to the amount of carbon atoms when the 13 C-NMR spectra are recorded under quantitative conditions. Two different internal standards were used, Hexamethyldisiloxane (HMDSO) for liquids issued from Carbon-13 materials and Demethyl sulfoxide (DMSO) for liquids produced from unlabelled materials due to the peak intensity.
Calculated
Quantitative estimates of the various carbon-containing functional groups were made by performing the following calculations.
The signal area of the selected internal standard signal, which was 0.709541078 g of DMSO (ca. 0.000200631 of Table S7 . Table S7 . Results from quantitative 13 C-NMR analysis of fast pyrolysis bio-oils derived from unlabelled technical biopolymers (Cell-12 C, Hemi-12 C and Lig-12 C) and Carnon-13 enriched biopolymers (Cell-13 C, Hemi-13 C and Lig-13 C).
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